Abstract. In the current study, the sensitivity and specificity of methods of HER2 status detection were studied in 55 patients presenting with gastric/gastroesophageal junction carcinoma (30 intestinal and 25 diffuse), in small biopsy (endoscopy; n=33) and resection specimens (n=22). The primary objective of the present study was to compare various methods for the assessment of HER2 status, with regards to the sensitivity and specificity of each method, as well as their concordance. In all cases, the status of HER2 was determined using immunohistochemistry (IHC), fluorescence in situ hybridization (FISH), silver in situ hybridization (SISH), and quantitative polymerase chain reaction (qPCR). The concordance rate between IHC and ISH was 100% for IHC 0 and 3+. The concordance rate for IHC 1+ was 100% between IHC and SISH, and 92.9% between IHC and FISH. The concordance rate among different FISH methods was 100%, between FISH and SISH it was 96.2%, and between qPCR and ISH methods it was 88.5%. Thus, the results demonstrate that different in situ hybridization methods are comparable and that none were superior. Furthermore, the IHC and FISH methods were found to be comparable and the concordance rate was particularly good. qPCR analysis correlated well with the other methods and appears to be a possible alternative tool for detection of the HER2 status. However, the concordance rate of qPCR with other methods was identified to be lower in the diffuse carcinoma group of endoscopy biopsy specimens; therefore investigation of further cases is required.
Introduction
HER2 proto-oncogene amplification and protein overexpression has been identified in ~15-20% of patients with gastric and gastroesophageal adenocarcinoma worldwide (1) (2) (3) (4) . The Trastuzumab for Gastric Cancer (ToGA) trial revealed that trastuzumab, in combination with chemotherapy (platinum and fluoropyrimidine-based), significantly improves the overall survival of patients with HER2-positive advanced gastric cancer (GC) or gastroesophageal junction cancer (GJC) (5, 6) . In 2010, based on the results of the ToGA study, the Food and Drug Administration granted approval of trastuzumab in combination with chemotherapy for the treatment of patients with GC/GJC. Subsequently, this therapy has been approved globally. However, the approach to HER2 testing in patients with GC and the optimal immunohistochemical and in situ hybridization methods remain a matter of discussion (2, 3, 7, 8) . It is unclear whether there is a single method that is superior to others and thus, an optimal, in terms of the most sensitive and economically feasible, algorithm has not yet been established. Therefore, the present study compares various methods [immunohistochemistry (IHC), in situ hybridization (ISH), and quantitative polymerase chain reaction (qPCR)] in a series of GC/GJC specimens, focusing on the sensitivity and specificity of each method, as well as the level of their concordance.
Patients and methods
Patients. The present study included specimens from 55 patients with GC. This study was approved by the Ethics Committee of General University Hospital in Prague, Prague, Czech Republic. The study was designed as a methodological Processing of the tissue. All specimens were immediately fixed in 10% formalin, routinely processed and embedded in paraffin. Histological evaluation was performed on slides, which were stained with hematoxylin and eosin, using an Olympus BX53 microscope (Tokyo, Japan).
IHC. IHC was performed using monoclonal rabbit antibody against the HER2 protein (clone 4B5, prediluted, Ventana anti-HER2/neu) according to the manufacturer's instructions. Automated HER2 staining was conducted by the immunostainer BenchMark Ultra following the manufacturer's instructions, with an ultraView Universal DAB Detection kit and Bluing reagent as the visualization reagent and chromogen. All materials were obtained from Roche Diagnostics GmbH, Mannheim, Germany. The HER2 status for IHC was determined using the validated scoring system for GC (2) . The samples with no reactivity or membranous reactivity in <10% of tumor cells were scored as negative (0). Faint/barely perceptible membranous reactivity in >10% of tumor cells (only in part of their membrane) was scored as negative (1+). Weak to moderate complete or basolateral membranous reactivity in >10% of tumor cells was scored as equivocal (2+). Moderate to strong complete or basolateral membranous reactivity in >10% of tumor cells was scored as positive (3+). In endoscopy biopsy specimens (not resection specimens), any cohesive 3+ group of cells were scored as positive, irrespective of size (i.e. <10%).
Fluorescence ISH (FISH)
. Sections (thickness, 2-3 µm) of paraffin-embedded tissue were processed for FISH using the following materials: i) PathVysion HER2 DNA Probe kit (Abbott Vysis, Downers Grove, IL, USA), ii) HER2 IQFISH pharmDx™ (Dako, Glostrup, Denmark) and iii) ZytoLight ® SPEC HER2/CEN 17 Dual Color probe (ZytoVision GmbH, Bremerhaven, Germany). The assay procedures involving materials i and iii precisely followed the manufacturer's instructions.
Procedure I (PathVysion and ZytoLight).
The slides were deparaffinized in xylene and pretreated in 0.2N HCl and subsequently in a NaSCN solution at 80˚C. The next step was the proteolytic treatment, and protease digestion was performed to obtain readable and conclusive FISH results. Protease II (25 mg; Abbott Vysis) in 50 ml saline solution at pH 2.0 was used with a digestion time of 45 min for the endoscopy biopsy specimens and 60 min for the resection specimens. The sections were then fixed in a buffered formalin solution. The FISH probe was added, the reaction was sealed with liquid rubber cement and the specimen and the DNA probe were co-denatured for 1 min at 85˚C or 75˚C for PathVysion or Zytolight, respectively, and hybridized at 37˚C overnight in a ThermoBrite system (Abbott Vysis).
Procedure II (HER2 IQFISH).
The slides were deparaffinized in xylene (96%) and alcohol (70%) for 2 min, washed in buffer for 2 min and placed in a pretreatment solution at 95˚C for 10 min. After the pretreatment, the slides were washed twice in the buffer solution for 3 min each time, which was followed by a proteolytic treatment. Subsequently, the protease digestion was performed to obtain readable and conclusive FISH results [8-10 drops of pepsin (Dako Cytomotion) incubated at 37˚C for 8-10 min]. The slides were washed twice more in the buffer solution (3 min each) and in alcohol at concentrations of 70, 85 and 96% (each for 2 min). The FISH probe (10 µl) was then applied, the reaction was sealed with liquid rubber cement, and the DNA probe and the specimen were co-denatured for 10 min at 66˚C and then hybridized for 120 min in the ThermoBrite system at 45˚C. This was followed by washing twice in the buffer for 3 min each. The unbound probe was removed via stringent wash at room temperature and the slides were placed in a water bath at 63˚C for 10 min. Subsequently, the slides were dehydrated in 70, 85 and 96% alcohol (each for 2 min) and counterstained with 4' ,6-diamidino-2-phenylindol (DAPI).
For each sample a minimum of 20 non-overlapping tumor cell nuclei were evaluated according using an Olympus Provis AX70 fluorescence microscope at a magnification of x100 and the appropriate filter setting for detecting the presence of amplification signals. According to the ToGa trial criteria for HER2 amplification, a positive result was defined as a ratio of HER2:CEP17≥2 (6).
Silver ISH (SISH)
. Automated SISH of HER2 was conducted using a Ventana Inform HER2 Dual ISH DNA Probe Cocktail assay according to the manufacturer's instructions. The SISH conditions for the BenchMark Ultra instrument were as follows: Treatment with cell conditioner CC2 twice for 32 min each, digestion with ISH protease III for 12 min, hybridiza tion for 6 h, washing at 72˚C, silver staining with the ultraView SISH DNP Detection kit for 8 min, red staining with the ultraView Red ISH DIG Detection kit for 8 min, hematoxylin staining for 8 min and bluing staining with Bluing reagent for 4 min. All materials were from Roche Diagnostics GmbH.The interpretation of Ventana SISH staining was the same as that applied to the manual FISH method.
DNA isolation and qPCR analysis. Deparaffinization of sections of formalin-fixed, paraffin-embedded tissue and the isolation of DNA was performed using standard procedures (9) . The sections were deparaffinized in xylene and the DNA was extracted using a QIAamp DNA Mini kit (Qiagen, Hamburg, Germany).
HER2 amplification levels were quantified using a LightCycler 480 (Roche Diagnostics GmbH) and a LightMix HER2/neu kit (Tib MolBiol GmbH, Berlin, Germany) according to the manufacturer's instructions. The kit provided a DNA cali brator to generate a calibration curve.
The PCR conditions were as follows: Initial denaturation for 10 min at 95˚C, followed by 50 cycles of denaturation for 10 sec at 95˚C, annealing for 10 sec at 60˚C and extension for 10 sec at 72˚C.
The level of HER2 DNA was normalized to the level of the housekeeping gene, ribosomal protein L23 (RPL23). qPCR amplification of each transcript was performed twice. For the purposes of the present study, the normalized ratio of HER2:RPL23 >2 was considered to be positive for HER2 gene amplification (the cut-off was set according to the recommendations of a previous study) (10) .
Data analysis. The concordance rate was calculated as the number of samples which produced positive results with ≥2 methods. The threshold for positivity was set as 3+ (positive) for immunohistochemistry, HER2:RPL23>2 for qPCR and HER2:CEP17≥2 for ISH methods. The concordance was calculated among FISH methods, between FISH and SISH method, between ISH and IHC method (2+ excluded), and between ISH and qPCR.
Results

Data obtained.
From the 55 samples tested, 52 were examinable by all of the methods, including IHC, ISH and qPCR. All of the results are summarized in Table I. ISH. Due to insufficient probe hybridization, certain samples could not be examined by HER2 IQFISH (n=3), ZytoLight SPEC HER2/CEN 17 (n=2) and PathVysion HER-2 DNA (n=1). Technical difficulties, including a weak hybridization signal and a high hybridization background, were encountered in nine samples tested by ZytoLight SPEC HER2/CEN 17, eight samples tested by HER2 IQFISH, and three samples tested by PathVysion HER-2 DNA. From the 52 samples which could be examined by all three FISH methods, there were nine amplified cases (three intestinal carcinomas from resection specimens, two intestinal carcinomas from endoscopy biopsy specimens and four diffuse carcinomas from endoscopy biopsy specimens). There was no case of apparent chromosome 17 polysomy. The concordance rate among the FISH methods was 100%. All 55 samples were examined by SISH and the concordance rate between the FISH and SISH methods was 96.2% (50/52 cases) (the two discordant cases are described in 'IHC versus ISH').
IHC. Of the 55 specimens examined, eight samples were 3+ (14.5%), eight samples were 2+ (14.5%), 14 samples were 1+ (25.5%) and 25 samples were 0 (45.5%). With regard to the intestinal carcinomas, 19/30 specimens were 0 or 1+ (11/15 resection specimens and 8/15 endoscopy biopsy specimens), 6/30 specimens were 2+ (1/15 resection specimens and 5/15 endoscopy biopsy specimens) and 5/30 specimens were 3+ (3/15 resection specimens and 2/15 endoscopy specimens). Of the diffuse carcinomas, 20/25 specimens were 0 or 1+ (6/7 resection specimens and 14/18 endoscopy biopsy specimens), 2/25 specimens were 2+ (1/7 resection specimens and 1/18 endoscopy biopsy specimens) and 3/25 specimens were 3+ (0/7 resection specimens and 3/18 endoscopy specimens).
qPCR. All 55 samples were successfully analyzed by qPCR. A normalized ratio of HER2:RPL23 >2 was considered to be positive and was found in nine cases (three intestinal carcinomas from resection specimens, two intestinal carcinomas from endoscopy biopsy specimens and four diffuse carcinomas from endoscopy biopsy specimens).
IHC versus ISH.
The concordance rate between IHC and ISH was 100% for IHC 0 and IHC 3+. The concordance rate for IHC 1+ was 100% between IHC and SISH, and 92.9% between IHC and FISH (13/14 cases). The only discrepancy was in the IHC 1+ case, amplification was not observed with SISH and qPCR, however, amplification was observed with all three FISH methods. In the group of IHC 2+ cases (8/55 cases), there was one case in which amplification by SISH was observed, however, all three FISH methods and qPCR did not demonstrate amplification.
ISH versus qPCR.
The concordance rate between ISH and qPCR was 88.5% (46/52 cases). In total, there were 7 discordant cases (5 cases were concordant between all ISH methods, 2 cases were not). Six cases were in the diffuse carcinoma group (endoscopy biopsy specimens) and the seventh case was in the intestinal carcinoma group (endoscopy biopsy specimen). In three of the discordant cases, IHC and ISH were negative, however, amplification was observed in qPCR. In another two discordant cases, IHC and ISH were positive, however, amplification was not observed in qPCR. The sixth case was IHC, SISH and qPCR negative, however, all three FISH methods were positive. The seventh case was an IHC 2+ intestinal carcinoma (endoscopy biopsy specimen) with weak amplification (HER2:CEP17=2.1) observed in SISH and no amplification was observed in any of the FISH methods or qPCR.
Discussion
GC is one of the most common types of cancer worldwide (11) . This type of tumor is commonly diagnosed in the advanced stage and the mortality rate is high (12) . In addition to conventional therapy (chemotherapy and surgery), the monoclonal antibody against the HER2/neu receptor (trastuzumab) in combination with chemotherapy has been approved in several countries based on the result of the ToGA trial for treatment of HER2-positive advanced tumors (6) . However, accurate assessment of HER2 status is necessary for correct implementation of this type of therapy. The status of HER2 may be determined using IHC and ISH, either FISH or chromogenic/colorimetric ISH (CISH).
Studies focusing on HER2 positivity in GC and GJC demonstrate a wide range of positivity (7-42%; mean, 19%) (2,13,19) . There are various possible explanations for this, Table I . Results of HER2 analysis of carcinoma specimens using IHC, ISH and qPCR.
A, Resection specimens. including the use of different IHC antibodies, different fixation protocols, subjectivity and interpretation by pathologists, and the different scoring systems used (2, 3) . Therefore, an accurate testing system is required to enable the use of trastuzumab in a clinical setting. The algorithm used in the testing of HER2 status in breast cancer appears to be appropriate, relying primarily on IHC and using ISH in cases of weak positivity (IHC 2+). However, based on the differences between the results of GC and breast cancer testing and the difficulties regarding the assessment of HER2 status in patients with GC, it has been recommended to use IHC and ISH testing together for patients with advanced GC or GJC (2, 14) . An alternative approach has been described, which combines HER2 IHC and dual color ISH (Dual ISH) on a single slide (15) . There are few studies comparing the IHC and ISH methods and these studies show variable results, however, the concordance rate is usually high with a range of 86.9-99% (8, (16) (17) (18) (19) (20) . The concordance rate between the various ISH methods is also high, commonly reaching 99% (3, 21, 22) . The concordance rate between IHC 3+ and amplification of the gene assessed by ISH methods is particularly high, commonly >90% (3,16). However, in certain studies, amplification of the gene was observed by ISH methods in a number of IHC-negative cases (0 and 1+). A previous study focused on interlaboratory agreement on HER2 scoring of GC or GJC. In the study, nine laboratories assessed the HER2 status of 100 specimens by IHC and ISH (CISH or SISH). The results indicated good agreement for the HER2 copy number as determined by ISH, and the authors proposed that this is the optimal method for assessment of GC/GJC cases. An IHC 3+ score strongly predicted a positive ISH result, although the agreement for all IHC scores was only moderate (14) .
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The results of the present study revealed that the concordance rate among the various detection methods was good, with the concordance rate among all FISH methods at 100%, 96.2% between the FISH and SISH methods, and 88.5% between qPCR and the ISH methods. Discrepancies between ISH methods and qPCR occurred only in the endoscopy biopsy specimens, predominantly in diffuse carcinoma, and may have been caused by the technical difficulties associated with the analysis of these types of sample.
HER2 positivity defined as IHC 3+ and/or all ISH ≥2 was observed in 10/55 of the tumors analyzed in the current study (18.2%). Further, amplification of HER2 was observed in another 3 cases by qPCR method, which were both IHC and ISH negative This data is in agreement with the scientific literature on the subject (2, 3, 23) . However, the present study was not designed to be an epidemiological study, but rather a methodological study. Regarding the technical and economic aspects, the FISH method is not generally available. Furthermore, this method requires cytogenetic skills and is more time-consuming when compared with the SISH method. In addition, FISH is more expensive and requires the use of a fluorescence microscope. The advantage of SISH, in addition to the cost and technical aspects, is that it uses a bright-field technique. However, the FISH method continues to be regarded as the gold standard in the assessment of HER2 gene status. qPCR can be performed on paraffin-embedded tissue and is sensitive and relatively inexpensive, as demonstrated by two previous studies on GC (24, 25) . However, it should be regarded as an alternative method of HER2 detection, as further investigation into its use is required.
In conclusion, the present study has demonstrated good concordance rates between IHC and various ISH methods. Furthermore, qPCR has been demonstrated to be a valuable tool for the evalu ation of HER2 gene amplification. These results are similar to those of a previous extensive and multicentric study focusing on the comparison of various ISH methods and qPCR in breast cancer, as well as being comparable with a previous study on breast carcinoma (10, 26) .
